Abstract. Successfully performing a given behavior requires flexibility in both perception and behavior. In particular, doing so requires perceiving whether that behavior is possible across the variety of contexts in which it might be performed. Three experiments investigated how (changes in) context (ie point of observation and intended reaching task) influenced perception of maximum reaching height. The results of experiment 1 showed that perceived maximum reaching height more closely reflected actual reaching ability when perceivers occupied a point of observation that was compatible with that required for the reaching task. The results of experiments 2 and 3 showed that practice perceiving maximum reaching height from a given point of observation improved perception of maximum reaching height from a different point of observation, regardless of whether such practice occurred at a compatible or incompatible point of observation. In general, such findings show bounded flexibility in perception of affordances and are thus consistent with a description of perceptual systems as smart perceptual devices.
Introduction
Successfully performing an intended behavior requires perceiving whether that behavior is possible, and if so, how the movements of the body must be controlled in doing so. Moreover, it requires doing so prospectively-either before the behavior is initiated or as it unfolds in real time. Such real possibilities for behavior determined by the fit between a person's action capabilities and relevant environmental properties are known as affordances (Chemero, 2003; J. J. Gibson, 1979) . A large body of research has shown that perception of affordances for a given behavior reflects this fit. Depending on the behavior to be performed, perception of affordances can reflect a perceiver's anthropometric properties (eg maximum vertical reaching height, leg length, or shoulder width), dynamic capabilities (eg strength, flexibility, body compressibility, or maximum running speed), or both. For example, perception of maximum horizontal reaching distance reflects arm length (Carello, Grosofsky, Reichel, Solomon, & Turvey, 1989) ; perception of whether a surface can be stepped on reflects leg length, hip flexibility, and leg strength (Konczak, Meeuwsen, & Cress, 1992) ; and perception of whether a barrier can be passed under reflects dynamic walking height (Franchak, Celano, & Adolph, 2012) .
In addition, successfully performing an intended behavior requires flexibility. There is a many-to-many mapping between the means and ends of an intended behavior. For example, a person can cross a gap in the ground surface by means of stepping, leaping, or using a plank as a bridge, depending on the width, depth, and location of the gap and the person's physical characteristics and intentions, among a number of other factors. Along the same lines, a person can reach an object on a tall shelf by means of changing body posture (eg standing on tip toes), jumping, stepping on an elevated surface, or using a hand-held implement, again depending on a number of factors. In short, both behaviors and affordances are nested over a number of different spatial and temporal scales (J. J. Gibson, 1979; Reed, 1996) . Accordingly, appropriately modifying the means to achieve an intended end is one of the hallmarks of intelligent and adaptive behavior (E. J. Gibson, 1994) .
It may be less obvious that successfully perceiving affordances for a given behavior also requires flexibility. Given the many-to-many mapping described above, perceiving affordances for an intended behavior is tantamount to perceiving whether and how a present state of affairs can be modified to bring about the intended state of affairs (Stoffregen, 2003; Wagman, 2012) . Therefore, perception of affordances for an intended behavior ought to reflect how that behavior will be performed. Accordingly, research has shown that perception of affordances for a given behavior reflects the (future) means of performing that behavior-even when such means would bring about changes to action capabilities. For example, perception of maximum horizontal reaching distance reflects whether a person intends to reach with the arm only or with the arm plus torso (Carello et al., 1989; Mark et al., 1997) . Similarly, perception of maximum vertical reaching height reflects whether a person intends to reach by means of standing on the ground surface, standing on an elevated surface, using a hand-held implement, or jumping (Pepping and Li, 2000; Ramenzoni, Riley, Davis, Shockley, & Armstrong, 2008; Wagman & Morgan, 2010) . Thus, perception of affordances is also nested over a number of different spatial and temporal scales.
Flexibility is also manifest in the means by which affordances can be perceived. Objects and events lawfully structure patterned energy arrays, and such structure is potentially informative about both the layout of environmental surfaces and the position and posture of the person relative to that layout (J. J. Gibson, 1979) . Thus, such structure is potentially informative about affordances. To the extent that structure in one patterned energy array (eg the optic array) is lawfully related to structure in another patterned energy array (eg the acoustic array), then structure in any one of those arrays is potentially informative about the same affordance(s). Therefore, affordances for a given behavior ought to be perceivable by means of different perceptual modalities. For example, people can perceive whether or not an inclined surface affords standing on by viewing that surface and by probing that surface with a hand-held implement (Fitzpatrick, Carello, Schmidt, & Corey, 1994; Regia-Corte & Wagman, 2008) .
These particular means of exploring a surface (ie viewing and probing) differ not only in the energy array of relevance and the anatomical components used but also in the point of observation at which the energy array is encountered. In the case of viewing a surface, the point of observation is the person's eye height, and in the case of probing a surface with a hand-held implement the point of observation is the wrist or hand (or arguably, the object tip). Accordingly, flexibility is also manifest in the points of observation from which affordances can be perceived. Environmental surfaces are nested, and the (multiple) energy arrays structured by such surfaces preserve this nestedness (J. J. Gibson, 1979) . Such nested structure allows for (i) perception of affordances for many different behaviors from a given point of observation and (ii) perception of affordances for a given behavior from many different points of observation. For example, while occupying a given point of observation, people can visually perceive whether an object can be reached by means of standing on the ground, by means of stepping on an elevated surface, or by means of using a handheld implement (Wagman, 2012; Wagman & Morgan, 2010) . Similarly, people can visually perceive whether a surface can be sat on when viewing that surface while occupying points of observations at different distances from that surface (Mark, 1987) . In addition, people can visually perceive whether a surface can be passed under when viewing that surface while standing on the floor, while sitting on the floor, and while standing on an elevated surface (Wagman & Malek, 2008) .
A perceptual constancy of affordances?
In summary, people can perceive affordances for a given behavior even when (i) the means of performing the behavior would bring about changes in action capabilities, (ii) perception occurs by means of different perceptual modalities, and (iii) the person occupies different points of observation. Such findings demonstrate something akin to a perceptual constancy of affordances-in general, perception of affordances for a given behavior reflects the person's action capabilities over the variety of (nested) circumstances in which that affordance is encountered and in which the behavior might be performed (Turvey, 1992; Wagman & Malek, 2008) .
A perceptual constancy of affordances is consistent with a description of perceptual systems as smart perceptual devices. A smart perceptual device is a collection of potentially independent anatomical components flexibly and temporarily recruited into a device capable of perceiving a given property or affordances for an intended behavior (Bingham, 1988; Carello, Fitzpatrick, Domaniewicz, Chan, & Turvey, 1992; Runeson, 1977) . Among other important features, smart perceptual devices exploit regularities in stimulation patterns to solve task-specific perceptual problems. In addition, smart perceptual devices exhibit modality and anatomical independence. Therefore, the tasks described in the preceding paragraph seem to be exactly the kinds of taskspecific perceptual problems that smart perceptual devices can be used to solve.
Importantly, though, the fact that perception of affordances for a given behavior reflects action capabilities across different contexts does not necessarily mean that context is irrelevant to perception of affordances. On the contrary, perception of affordances is highly context dependent (Turvey, 2004; Wagman & Malek, 2008) . Specifically, context seems to influence how perception reflects action capabilities rather than whether perception reflects action capabilities. That is, context may affect the specific scaling of perception to action capabilities. While the structured energy at a number of different points of observation may be informative about performing a given behavior, perceivers may be better attuned to such structure at some points of observation than at others. Similarly, while the structured energy at a given point of observation may be informative about whether a number of different behaviors are possible, perceivers may be better attuned to the structure that is informative about performing some behaviors than others. As a result, perception may more closely match action capabilities in some contexts more than others due to differential attunement to informative stimulation patterns across contexts (ie differential tuning of the smart perceptual device). For example, previous research has shown that perception of whether a surface can be sat on more closely approximates the ability to perform this behavior at points of observation that are closer to the surface than ones that are farther away (Mark, 1987) . In addition, perception of whether a barrier can be walked under more closely approximates the ability to perform this behavior when the person views the barrier while standing (on the floor) than when they do so while sitting (on the floor) (Wagman & Malek, 2008) .
Experiment 1
Flexibly performing a given behavior requires that perception of whether (and how) that behavior can be performed reflect the action capabilities of the perceiver across changes in context. Such contexts include the means by which an intended behavior is to be performed as well as the point of observation occupied by the perceiver. Experiment 1 investigated perception of maximum reaching height across changes in both contexts. Participants reported perceived maximum reaching height for three different means of performing a reaching task (by means of standing on the floor, by means of standing on a step stool, and by means of kneeling on the floor). Moreover, they performed each of these tasks while occupying three different points of observation (while standing on the floor, while standing on a step stool, and while kneeling on the floor).
We had two main hypotheses. First, we expected that perceived maximum reaching height would reflect both the perceiver's anthropometric properties (in particular, maximum standing reach height) and the intended means of reaching. Specifically, we expected that perceived maximum reaching heights will be taller for participants with taller maximum reaching heights than for those with shorter maximum reaching heights but that there will be no difference in the scaling of perceived-to-actual maximum reaching height between these two groups (cf Carello et al., 1989) . We also expected that perceived maximum reaching heights will be taller when participants expect to reach by means of standing on the step stool than by means of standing on the floor than by means of kneeling on the floor. However, in this case, we expected that the scaling of perceived-to-actual maximum reaching height would differ across conditions. In particular, given the novelty of reaching by means of kneeling, we expected that perception of maximum reaching height would be more accurate (ie ratios would more closely approximate 1.0) when participants expect to reach by means of standing (on the step stool or the floor) than by means of kneeling.
Second, we expected that the specific scaling of perceived-to-actual maximum reaching height would depend on both the means of performing the reaching task and the point of observation occupied by the perceiver. Specifically, we expected that perceived maximum reaching height would be most accurate when the point of observation of the participant is compatible with (ie matches) the point of observation that would be required for performing the task. In addition, we expected that variability of perceived maximum reaching height would tend to show the inverse pattern.
3.1 Method 3.1.1 Participants. Twenty-five undergraduates (twenty-four women and one man) from Illinois State University participated in this experiment for (extra) credit in their psychology courses. Informed consent was obtained from each participant prior to data collection. The protocols of all experiments reported here were approved by the institutional review board at Illinois State University and were in accordance with the Declaration of Helsinki. Participants were asked to make judgments about their maximum vertical reaching height. Given the height constraints of the laboratory and apparatus, participants were required to be no taller than 173 cm (5 ft 8 in). The average height of participants was 164.8 cm (SD = 7.4 cm). Three participants (two women and one man) were excluded from data analysis due to failure to follow (or understand) experimenter instructions.
Materials and apparatus.
Each participant instructed an experimenter to raise or lower a small white cylindrical object (82 g mass, 4 cm long, 5 cm in diameter) until it was at his or her perceived maximum reaching height. The object was suspended via a pulley system attached to the top of a vertical surface (250 cm tall, 120 cm wide). To create a uniform background behind the object, black fabric was draped over the surface and wall. A marked 50 cm × 50 cm viewing area was located 285 cm from (and centered with) the vertical surface. A marked 40 cm × 30 cm reaching area was located 15 cm from (and centered with) the vertical surface. A tape measure affixed to the back of the vertical surface was used to measure the height of the suspended object. The tape measure was not visible to the participant. Two identical plastic step stools (each 23 cm tall, 40 cm wide, 30 cm deep) were also used (separately or together) in some of the conditions. 3.1.3 Design. Participants reported perceived maximum reaching height in nine different conditions. Each participant performed this task with three different intentions as to how he or she would perform the reaching task (ie by means of standing on the floor, standing on a step stool, and kneeling on the floor). In addition, each participant performed each of these tasks while occupying three different points of observation (ie while standing on the floor, while standing on a step stool, and while kneeling on the floor). Intended reaching tasks were blocked within a given point of observation. Order of intended reaching tasks and points of observation was randomized within this blocking scheme. There were 4 trials for each combination of intended reaching task and point of observation for a total of 36 trials per participant.
3.1.4 Procedure. Each participant stood in the viewing area, and the object was set at either its highest or lowest position (250 cm or 25 cm from the laboratory floor, respectively) depending on whether the trial was an ascending or descending trial (see below). The participant then instructed the experimenter to raise or lower the object until it was at his or her perceived maximum reaching height for a particular means of performing the reaching task.
Each participant reported perceived maximum reaching height with three different intentions as to how he or she would perform the reaching task. In the stand-on-floor condition the participant intended to walk over, stand on the floor in the reaching area, and reach up with the fingertips of his or her preferred hand while keeping both feet flat on the floor without going up onto the toes. In the stand-on-step-stool condition the step stool was placed in the reaching area. The participant intended to walk over, step up onto the step stool, and reach up with the fingertips of his or her preferred hand while keeping both feet flat on the step stool and without going up onto the toes. In the kneel-on-floor condition the participant intended to walk over, kneel on the floor in the reaching area, and reach up with the fingertips of his or her preferred hand without lifting either knee off of the floor. In all conditions maximum reaching height was defined as the maximum height at which the bottom of the object could be touched with the fingertips of the preferred hand with the arm and hand fully extended above the head without lifting either foot (or knee) off of the support surface.
Participants performed each of these tasks while occupying three different points of observation. In the standing-on-floor condition the participant stood on the floor in the viewing area while performing each of these tasks. In the standing-on-step-stool condition a step stool was placed in the viewing area, and the participant stood on it while doing so. In the kneelingon-floor condition the participant knelt on the floor in the viewing area (without sitting on his or her heels) while doing so. Ascending and descending trials alternated throughout the experiment, and the order of the sequence was counterbalanced across participants. Each participant was able to fine-tune the height of the object on a given trial until he or she was satisfied with its height. After each trial, the participant was asked to close his or her eyes while the object was being set for the next trial. The experimenter adjusted the height of the object from behind the vertical surface and was not visible to the participant.
At the conclusion of the experiment the experimenter measured each participant's standing height and maximum reaching heights when reaching by means of standing on the floor, kneeling, and standing on the step stool. The participant did not approach the surface or attempt to reach for the object until after these measurements had been taken.
Results
To investigate whether perceived maximum reaching height scaled to maximum standing reach height, participants were divided into tall and short reach groups by means of a median split on maximum standing reach height. Participants in the tall reach group (n =11) had a mean maximum standing reach of 215.6 cm (SD = 5.0 cm), and participants in the short reach group (n =11) had a mean maximum standing reach of 200.3 cm (SD = 6.1 cm) (t 20 = 6.46, p < 0.001).
Perceived maximum reaching height (cm).
A 3 (point of observation: standing on floor vs standing on step stool vs kneeling on floor) × 3 (intended reaching task: stand on floor vs stand on step stool vs kneel on floor) × 2 (reaching height group: tall vs short) analysis of variance (ANOVA) was conducted on perceived maximum reaching heights. A main effect of reaching height group (F 1, 20 = 12.55, p < 0.01, p 2 h = 0.39) showed that perceived maximum reaching heights occurred at taller heights for participants in the tall reach group (M = 182.1 cm, SD = 10.2 cm) than for those in the short reach group (M = 167.3 cm, SD = 9.3 cm).
A main effect of intended reaching task (F 2, 40 = 1403.02, p < 0.001, p 2 h = 1.00) showed that perceived maximum reaching heights differed for different intended reaching tasks, but this effect was superseded by an interaction of intended reaching task and point of observation (F 4, 80 = 28.11, p < 0.001, p 2 h = 1.00). The ANOVA revealed no other significant effects (see figure 1 ).
To further investigate the interaction of intended reaching task and point of observation, follow up t-tests (with Bonferroni corrections) were conducted in each of the intended reaching tasks, separately. When participants intended to reach by means of kneeling on the floor, perceived maximum reaching heights were taller when participants viewed the object while kneeling on the floor (M = 140.1 cm, SD = 12.6 cm) than while either standing on the floor (M = 128.9 cm, SD = 15.2 cm) or standing on the step stool (M = 126.5 cm, SD = 14.2 cm) (both corrected ps < 0.05).
When participants intended to reach by means of standing on the floor, perceived maximum reaching heights were taller when participants viewed the object while standing on the floor (M = 190.0 cm, SD = 11.9 cm) than while standing on the step stool (M = 184.4 cm, SD = 15.3 cm) (corrected p < 0.05).
When participants intended to reach by means of standing on the step stool, perceived maximum reaching heights were taller when participants viewed the object while standing on the step stool (M = 208.8 cm, SD = 14.2 cm) or on the floor (M = 205.5 cm, SD = 12.4 cm) than while kneeling (M = 201.8 cm, SD = 13.2 cm) (both corrected ps < 0.05) (see figure 1).
Ratios of perceived-to-actual maximum reaching height.
A 3 (point of observation: standing on floor vs standing on step stool vs kneeling on floor) × 3 (intended reaching task: stand on floor vs stand on step stool vs kneel on floor) ANOVA was conducted on ratios of perceived-to-actual maximum reaching height.
(1) There was a main effect of intended reaching task (F 2, 40 = 47.19, p < 0.001, p 2 h = 1.00) and a main effect of point of observation (F 2, 40 = 5.26, p < 0.001, p 2 h = 0.81). However, these effects were superseded by an interaction of these variables (F 4, 80 = 27.20, p < 0.001, p 2 h = 1.00). The ANOVA revealed no other significant effects (see figure 2) .
(1) ANOVA assumes that analyzed variables are on an interval or ratio scale. Ratios of perceivedto-actual maximum reaching heights may violate this assumption. Therefore, the same ANOVA was repeated on log-transformed values. The same pattern of results was obtained. For ease of interpretation, we have chosen to present the ANOVAs on the untransformed values. To further investigate this interaction, follow up t-tests (with Bonferroni corrections) were conducted on data in each intended reaching task, separately. When participants intended to reach by means of kneeling on the floor, ratios were larger (closer to 1.0) when participants viewed the object while kneeling on the floor (M = 0.87, SD = 0.05) than while either standing on the floor (M = 0.80, SD = 0.08) or standing on the step stool (M = 0.78, SD = 0.06) (both corrected ps < 0.05).
When participants intended to reach by means of standing on the floor, ratios were larger (closer to 1.0) when participants viewed the object while standing on the floor (M = 0.91, SD = 0.05) than while standing on the step stool (M = 0.89, SD = 0.05) (corrected ps < 0.05).
When participants intended to reach by means of standing on the step stool, ratios were larger when participants viewed the object while standing either on the step stool (M = 0.91, SD = 0.05) or on the floor (M = 0.90, SD = 0.04) than while kneeling (M = 0.87, SD = 0.04) (both corrected ps < 0.05) (see figure 2).
Variability of perceived maximum reaching height.
To investigate the variability of perceived maximum reaching height in each condition, we calculated the coefficient of variation (CV = SD/M) for (each of the four trials of) perceived maximum reaching heights in the nine conditions. Root mean square (RMS) values for CV in each condition (averaged over participants) are presented in table 1. As expected, the pattern of variability tended to be the inverse of that of the ratio of perceived-to-actual maximum reaching height. That is, across the three intended reaching task conditions, variability tended to be largest when participants intended to reach by means of kneeling than by means of standing (on either the floor or step stool). Moreover, within each intended reaching task condition, variability tended to be smallest when the perceiver occupied a point of observation that was compatible with that required for the reaching task. The results of experiment 1 show that perceived maximum reaching height reflects both the perceiver's anthropometric properties (in particular, maximum standing reach height) and the intended means of reaching. In addition, the intended reaching task and point of observation interactively affect perceived maximum reaching height. In general, (i) ratios of perceived to actual maximum reaching heights more closely approximated actual maximum reaching heights, and (ii) variability of perceived maximum reaching height tended to be smallest when the perceiver occupied a point of observation that was compatible with that required for the reaching task.
Experiment 2
Experiment 1 found that perceived maximum reaching height more closely approximated actual reaching ability when perceivers occupied a point of observation that was compatible with that required for reaching task. Such results suggest that perceivers may be better attuned to structure in the optic array that is informative about affordances for a given behavior when occupying a compatible point of observation than when occupying an incompatible point of observation. If so, it is possible that the act of perceiving affordances for a given behavior from a compatible point of observation may serve to improve perception of affordances for that behavior from an incompatible point of observation. Investigating this possibility is the focus of experiment 2.
Experiment 2 consisted of a pretest, practice, and posttest. In the pretest participants reported perceived maximum reaching height for a particular means of performing a reaching task (reaching by means of kneeling on the floor) while occupying an incompatible point of observation (standing on a step stool). The intended reaching task and the points of observation were chosen to (i) maximize the disparity between the two points of observation, (ii) minimize the ratio of perceived-to-actual maximum reaching height, and (iii) maximize the variability of perceived maximum reaching height in the pretest. In the practice session half of the participants continued to perform the task while occupying an incompatible point of observation (standing on the step stool), and the other half of the participants performed this task while occupying a compatible point of observation (kneeling on the floor). In the posttest all participants performed the task while occupying the incompatible point of observation.
Previous research has shown that repeated practice perceiving affordances for a given behavior can be sufficient to improve perception of affordances for that behavior, even when no explicit feedback is provided (Mark, 1987; Ramenzoni, Davis, Riley, & Shockley, 2010; Stoffregen, Yang, Giveans, Flanagan, & Bardy, 2009 ). In other words, such experience can be sufficient to tune a smart perceptual device. As a result, we expected that accuracy would increase (ie perceived maximum reaching height would more closely reflect actual maximum reaching height) and variability in perceived maximum reaching height would decrease from pretest to posttest for both groups. However, we expected that there would be a greater degree of improvement in perceived maximum reaching height for participants who performed the task from a compatible point of observation during the practice phase.
4.1 Method 4.1.1 Participants. Twenty-eight undergraduates (twenty-five women and three men) from Illinois State University participated in this experiment for (extra) credit in their psychology courses. Informed consent was obtained prior to data collection. As in experiment 1 participants were required to be no taller than 173 cm (5 ft 8 in). The average height of participants was 165.3 cm (SD = 6.0 cm). Half of the participants were assigned to the compatible point of observation practice condition, and half were assigned to the incompatible point of observation practice condition.
Materials and apparatus.
The materials and apparatus were identical to experiment 1.
4.1.3
Procedure. The experiment consisted of a pretest, a practice session, and a posttest. In the pretest the step stool was placed in the marked viewing area. The participant stepped on the step stool, and closed his or her eyes while the object was either set at its highest position or at its lowest position, depending on whether the trial was an ascending or descending trial. The participant opened his or her eyes and instructed the experimenter to raise or lower the object until it was at the maximum height he or she could reach if they were to step down from the step stool, walk over, kneel in the designated reaching area, and reach up with the fingertips of their preferred hand without lifting either knee off of the ground.
In the practice session participants assigned to the incompatible point of observation practice condition performed the same task as in the pretest. For participants assigned to the compatible point of observation practice condition, the step stool was removed from the viewing area and the participant knelt on the floor in the viewing area (without sitting on their heels). The participant instructed the experimenter to raise or lower the object until it was at the maximum height the participant could reach if he or she were to stand up, walk over, kneel in the designated reaching area, and reach up with the fingertips of their preferred hand without lifting either knee off of the ground. The posttest was identical to the pretest and was the same for participants in both practice conditions.
In all three phases of the experiment participants completed five ascending trials and five descending trials. Ascending and descending trials alternated throughout the experiment, and the order of the sequence was counterbalanced across participants. Each participant was able to fine-tune the height of the object on a given trial until he or she was satisfied with its height. After each trial the participant was asked to close his or her eyes while the object was being set for the next trial. The experimenter adjusted the height of the object from behind the vertical surface and was not visible to the participant.
Results
A 2 (test: pretest vs posttest) × 2 (practice point of observation: compatible vs incompatible) ANOVA was conducted on ratios of perceived-to-actual maximum reaching height values. Experiment 2 investigated whether the act of perceiving affordances for a given behavior (ie reaching by means of kneeling) from a compatible point of observation (ie kneeling on the floor) improved perception of affordances for that behavior from an incompatible point of observation (ie standing on a step stool). The results showed that accuracy increased and variability decreased following practice from both compatible and incompatible points of observation. Moreover, there was no difference in the degree of improvement following practice at compatible and incompatible points of observation.
Experiment 3
The intended reaching task (reaching by means of kneeling) and the points of observation (kneeling on the floor and standing on the step stool) used in experiment 2 were chosen to (i) maximize the disparity between the two points of observation, (ii) minimize the ratio of perceived-to-actual maximum reaching height, and (iii) maximize the variability of perceived maximum reaching height in the pretest. For this particular intended reaching task practice performing the perceptual task improved perception of affordances, but it did not matter whether such practice occurred at a compatible or incompatible point of observation.
Experiment 3 investigates whether this is also the case for a different intended reaching task (reaching by means of standing a step stool). Importantly, the procedure for experiment 3 utilizes the same points of observation as in experiment 2 (standing on a step stool and kneeling on the floor) but reverses whether a given point of observation is compatible or incompatible with performing the intended reaching task. Like experiment 2, experiment 3 consisted of a pretest, a practice session, and posttest. In the pretest participants reported perceived maximum reaching height for a particular means of reaching (by means of standing on the step stool) while occupying an incompatible point of observation (kneeling on the floor). In the practice session half of the participants continued to perform this task while occupying the incompatible point of observation, and the other half of the participants performed this task while occupying the compatible point of observation (standing on the step stool). In the posttest all participants performed the task while occupying the incompatible point of observation.
As in experiment 2, we expected that accuracy would increase and that variability would decrease from pretest to posttest for both groups. However, we again expected that there would be a greater degree of improvement for participants who practiced the task from a compatible point of observation during the practice phase.
5.1 Method 5.1.1 Participants. Twenty-four undergraduates (twenty-one women and three men) from Illinois State University participated in this experiment for (extra) credit in their psychology courses. Informed consent was obtained prior to data collection. As in experiments 1 and 2, participants were required to be no taller than 173 cm (5 ft 8 in). The average height of participants was 164.6 cm (SD = 7.1 cm). Half of the participants were assigned to the compatible point of observation practice condition, and half were assigned to the incompatible point of observation practice condition.
Materials and apparatus.
The materials and apparatus were identical to experiments 1 and 2. 5.1.3 Procedure. The experiment consisted of a pretest, a practice session, and a posttest. In the pretest the step stool was placed in the reaching area. The participant knelt in the viewing area (without sitting on their heels) and closed his or her eyes while the object was either set at its highest position or at its lowest position, depending on whether the trial was an ascending or descending trial. The participant opened his or her eyes and instructed the experimenter to raise or lower the object until it was at the maximum height that the participant could reach if he or she were to stand up, walk over, step on the step stool, and reach up with the fingertips of their preferred hand without lifting either foot off of the step stool.
In the practice session participants assigned to the incompatible point of observation practice condition performed the same task as in the pretest. For participants assigned to the compatible point of observation practice condition the second step stool was placed in the viewing area. The participant stood on the step stool and instructed the experimenter to raise or lower the object until it was at the maximum height he or she could reach if they were to step down from the step stool in the viewing area, walk over, step on the step stool in the reaching area, and reach up with the fingertips of their preferred hand without lifting either foot off of the step stool. The posttest was identical to the pretest and was the same for participants in both point of observation practice conditions.
In all three phases of the experiment participants completed five ascending trials and five descending trials. Ascending and descending trials alternated throughout the experiment, and the order of the sequence was counterbalanced across participants. Each participant was able to fine-tune the height of the object on a given trial until he or she was satisfied with its height. After each trial the participant was asked to close his or her eyes while the object was being set for the next trial. The experimenter adjusted the height of the object from behind the vertical surface and was not visible to the participant. Additional analyses were conducted to further investigate the interaction. First, t-tests with Bonferroni corrections found that ratio values increased from pretest to posttest in both point of observation practice conditions (compatible: t 11 = 6.88, p < 0.001; incompatible: t 11 = 2.23, p < 0.05). Next, difference scores were calculated by subtracting pretest ratios from posttest ratios for participants in both practice conditions. The t-tests with Bonferroni corrections found that there was greater change from pretest to posttest when participants practiced from a compatible point of observation (M = 0.06, SD = 0.03) than when they did so from an incompatible point of observation (M = 0.02, SD = 0.02, t 22 = 3.53, p < 0.01) (see figure 4) .
Results
As in experiment 2, a parallel 2 (test: pretest vs posttest) × 2 (practice point of observation: compatible vs incompatible) ANOVA was conducted on CV values for perceived maximum reaching height. A main effect of test (F 1, 22 = 6.48, p < 0.05, p 2 h = 0.28) found that CV decreased from the pretest (M = 0.029) to the posttest (M = 0.023). Neither the main effect of condition nor the interaction of test × condition were significant (both ps > 0.10).
General discussion
Three experiments investigated how (changes in) context influence perception of maximum reaching height. Experiment 1 investigated perception of affordances for three different intended reaching tasks (reaching by means of standing on the floor, reaching by means of standing on a step stool, and reaching by means of kneeling on the floor) when participants occupied three different points of observation (standing on the floor, standing on a step stool, and kneeling). The results showed that, together, intended reaching task and point of observation influence perception of maximum reaching height. In particular, perceived maximum reaching height more closely reflected actual reaching ability (and tended to exhibit smallest variability) when perceivers occupied a point of observation that was compatible with that required for the intended reaching task (see figure 2 and table 1) .
Experiments 2 and 3 investigated whether the act of perceiving affordances for a given behavior from a compatible point of observation would improve perception of affordances for that behavior from an incompatible point of observation. In experiment 2 participants intended to reach by means of kneeling. Perceived maximum reaching height more closely reflected actual maximum reaching height (and variability decreased) following practice perceiving affordances for this behavior from either a compatible or an incompatible point of observation. Moreover, there was no additional benefit of practice doing so from a compatible point of observation (see figure 3) .
In experiment 3 participants intended to reach by means of standing on a step stool. Again, perceived maximum reaching height more closely reflected actual maximum reaching height (and variability decreased) following practice perceiving affordances for this behavior from either a compatible or an incompatible point of observation. However, for this intended reaching task there were larger improvements following practice doing so from a compatible point of observation (see figure 4).
Changes in context, flexibility, and smart perceptual devices
In general, the results of the three experiments reported here are consistent with a description of perceptual systems as smart perceptual devices. Perceiving affordances for a given behavior requires flexibly and temporarily recruiting a collection of potentially independent anatomical components into a device capable of perceiving that affordance (see Carello et al., 1992; Regia-Corte & Wagman, 2008; Runeson, 1977; Wagman & Malek, 2008) . Smart perceptual devices exploit regularities in stimulation patterns to solve task-specific perceptual problems. Perceiving affordances for different behaviors from a given point of observation and perceiving affordances for a given behavior from different points of observation seem to be exactly these kinds of task-specific perceptual problems.
Affordances are nested in both time and space, and there is a many-to-many mapping between the means and ends of any intended behavior. Thus, perceiving affordances for an intended behavior means perceiving the future conditions under which the intended behavior would be possible (Stoffregen, 2003; Wagman, 2012) . Just as smart perceptual devices are capable of incorporating objects attached to the body that are used to perform an intended behavior (eg a wheelchair) (Stoffregen et al., 2009) , they may also be capable of incorporating objects that will be attached to the body and used to perform an intended behavior (eg a step stool) (Wagman & Morgan, 2010) . Moreover, the nested structure in the optic array seems to provide the kind the regularities in stimulation patterns required to support visual perception of such nested affordances under such circumstances (see Fajen, Riley, & Turvey, 2009; J. J. Gibson, 1979) .
In addition, previous research has shown that people can perceive affordances for novel behaviors such as rolling a wheelchair under a horizontal barrier (eg Stoffregen et al., 2009) or launching themselves with their arms (Cole, Chan, Vereijken, & Adolph, 2013) . In addition, people can perceive affordances for both novel and familiar behaviors from a given point of observation (Wagman, 2012; Wagman, Higuchi, & Taheny, in press; Wagman & Morgan, 2010) and can perceive affordances for a given behavior from both novel and familiar points of observation (Wagman & Malek, 2008) . The results reported here build on such findings by showing that people can perceive affordances for both novel and familiar means of performing a reaching task from both novel and familiar points of observation.
Bounded flexibility in perception of affordances
Importantly, perception of maximum reaching height more closely reflected actual reaching ability for some combinations of intended reaching task and points of observation than for others (see figure 2) . By exploiting regularities in structured stimulation patterns, smart perceptual devices ensure that perception is lawfully constrained. This guarantees that perception of affordances for a given behavior reflects a person's action capabilities. However, it does not guarantee that (i) perception of affordances for that behavior will be perfectly scaled to action capabilities, (ii) perception of affordances for different means of performing a given behavior will be identically scaled to action capabilities, or that (iii) perception of affordances for a given behavior from different points of observation will be identically scaled to action capabilities.
Both perceiving affordances for performing a given behavior by different means and perceiving affordances for a given behavior from different points of observation likely require directing attention to different patterns of structure within a given energy array (in this case, the optic array). Moreover, different points of observation will likely provide different degrees of access to a (or the) pattern within that energy array that is informative about affordances for a given behavior. Accordingly, while perception of affordances reflects the action capabilities of the perceiver across changes in context, such changes nonetheless influence the specific scaling of perception to action capabilities. For example, the means of performing a reaching task influences the scaling of perceived-to-actual maximum reaching height (Wagman & Morgan, 2010; Wagman et al., in press; see Carello et al., 1989) , and the point of observation occupied by a perceiver influences the scaling of perceived-to-actual maximum sitting height (Mark, 1987; Wagman & Malek, 2008) . Therefore, while smart perceptual devices allow for flexibility in perception of affordances, such flexibility is necessarily bounded.
The results of experiment 1 show that, together, the combination of the means of performing a reaching task and the point of observation occupied by the perceiver influence the scaling of perceived-to-actual maximum reaching height. In particular, perception of maximum reaching height more closely scales to actual reaching ability (and tended to show smallest variability) when perceivers occupied a point of observation that was compatible with that required for the intended reaching task (see figure 2) . It is likely that occupying a compatible point of observation either reveals a (or the) relevant pattern of structure in the optic array or makes that pattern more salient.
Changes in point of observation as indirect practice
A number of different experiences can serve to tune a smart perceptual device to a (or the) particular regularity in a given stimulation pattern that is (more) informative about affordances for a given behavior and bring perception of affordances into closer correspondence with action capabilities. In some cases, perception of affordances for a given behavior improves with practice performing that behavior (Franchak, van der Zalm, & Adolph, 2010) . Moreover, such improvements can transfer to an unpracticed but related behavior, a phenomenon that has been described as indirect practice (Stoffregen et al., 2009; see Wagman, 2012; Wagman et al., in press) . Other research has shown that repeated experience perceiving affordances for a given behavior can improve perception of affordances for that behavior even when no feedback is provided and even without practice performing the behavior or a related behavior (Mark, 1987; Ramenzoni et al., 2010) .
The results of experiments 2 and 3 build on such findings by showing that the act of perceiving affordances for a given behavior from one point of observation can improve perception of affordances for that behavior from a different point of observation. In particular, perceiving maximum reaching height from a given point of observation served as indirect practice for doing so from a different point of observation. Moreover, this occurred regardless of whether the participant practiced perceiving affordances for that behavior from a point of observation that was compatible or incompatible with performing that behavior (see figures 3 and 4).
There was an additional benefit of practice perceiving from a compatible point of observation when participants intended to reach by means of standing on a step stool (experiment 3) but not when they intended to reach by means of kneeling (experiment 2). While occupying a point of observation that is compatible with a given task may make a (or the) relevant pattern of structure in the optic array more salient, the degree to which such experience does so may depend on the particular task. In particular, the ability of a perceiver to detect patterns of structure in the optic array relevant to performing a given behavior may depend on the level of expertise of the perceiver in performing that behavior. A study by Weast, Shockley, and Riley (2011) found that watching another person walk improved perception of that person's maximum reach with jump height by basketball players but not by nonbasketball players. Presumably, given their expertise at perceiving and performing jumping behaviors, the basketball players were better able to capitalize on the stimulation patterns revealed by the walking behaviors than were the nonbasketball players. In the same way, participants in all three experiments reported here were likely more experienced at reaching by means of standing on a step stool than doing so by means of kneeling. Therefore, they may have been better able to capitalize on the stimulation made available during practice at a compatible point of observation in the former task (experiment 3) than in the latter task (experiment 2). This may be a topic of future research.
